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Abstract 
Cognitive self-regulated learning strategies and exam grades of a biology lesson were measured with the help of a path model in 
a sample of 300 ninth grade Turkish high school students to investigate the structural relationships among relevant variables. The 
Motivated Strategies for Learning Questionnaire (MSLQ) was applied to collect the data. The LISREL program was used to test 
analysis of variances to determine multivariate relations through path analysis. Results of the study show direct relations between 
some of the variables of the study. 
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1. Introduction 
   Today’s world is characterized by information, and more knowledge is needed now than at any other time in 
history (Ergün, 2009; Slaus, Kokotovic & Morovic, 2004). In today’s information societies, the main goal of schools 
should not be to provide a direct transmission of knowledge to new generations (Dewey, 1998). Instead, schools’ 
goal should be to teach new generations how to learn (Cooke, 2001; Warr & Downing, 2000). With respect to 
learning how to learn, one important life skill for students is the ability to choose the appropriate conclusions from 
information given to them. Science education has a particular role in improving this skill as one of the aims of 
science education is to develop students’ scientific literacy, which is defined as ‘identifying questions and drawing 
evidence-based conclusions in order to understand and help make decisions about the natural world’ (Yoon, 2009). 
The effectiveness and success of science education depends on how much students develop their scientific literacy. 
Recent research on science education generally emphasises learning how to learn in science courses (Englert et al., 
2008; Cooke, 2001), because it is possible to develop the scientific literacy of students who know how to learn and 
to choose appropriate conclusions from given information. Therefore, cognitive self-regulated learning strategies, 
which are directly related to the skill of learning how to learn, have an important role in all educational systems 
(Warr & Downing, 2000).  
  Researchers have focused on the relationship between achievement and self-regulated learning strategy use (Warr 
& Downing, 2000; Wolters, 1998). However, it is also possible to investigate the structural relations among specific 
variables (Sungur & Güngören, 2009; Zimmerman, Bandura & Martinez-Pons, 1992). Therefore, the purpose of the 
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study is to investigate the relationships among rehearsal, elaboration, organization, critical thinking and achievement 
in biology.  
 
1.1. Cognitive self-regulated learning strategies  
    Self-regulated learning is defined as the strategies that students use to regulate their cognition (Pintrich, 1999), 
such as rehearsal, elaboration, organisation, critical thinking, metacognitive self-regulation, time/study 
environmental management, effort regulation, peer learning and seeking help. 
    The relationships among the strategies of rehearsal, elaboration, organisation and critical thinking are the focus of 
this study. Cognitive self-regulated learning strategies are one type of learning strategy that serves to support 
learners in becoming more successful (Wolters, 1998). Rehearsal, elaboration and organisational strategies are 
important cognitive strategies related to academic performance in the classroom and include recalling information, 
words or lists and understanding a piece of text or a lecture (Weinstein & Mayer, 1986). Rehearsal strategies involve 
recitation, reading aloud and highlighting or underlining, among others. These strategies help students pay attention 
to the lesson, select important information and retain that information in memory (Pintrich, 1999). Elaboration 
includes summarising, creating analogies, generative note-taking, explaining ideas and asking and answering 
questions (Weinstein & Mayer, 1986). Organisational strategies include selecting the main idea, outlining and using 
a variety of specific techniques for selecting and organising ideas (Weinstein & Mayer, 1986). Finally, critical 
thinking is defined by Paul (1992) as an important process to shape and evaluate decisions about definite 
circumstances. It is very important that students learn by examining, thinking critically and making regressions and 
inferences. All of these strategies provide students with skills to control and regulate their own learning (Pintrich, 
1999). These cognitive self-regulated learning strategies are used by learners who are highly motivated to regulate 
their cognition and effort (Sungur & Güngören, 2009). 
    Previous findings regarding the relationship between self-regulation and academic achievement have shown that 
achievements of students who use the cognitive self-regulated learning strategies (self-regulated learners) are higher 
than non-self-regulated learners (Ning & Downing, 2010; Sungur & Güngören, 2009; Cekolin, 2001; Warr & 
Downing, 2000). For instance, Sungur and Güngören’s (2009) study confirmed the significant relationship between 
elementary school students’ use of self-regulation strategies and science achievement. Results illustrated that the 
link between personal effort and accomplishments can encourage self-regulation and achievement in science. 
Another work, published by Uredi and Uredi (2005), discussed the predictive power of self-regulation strategies for 
mathematic achievement of eighth grade students from a primary school. Students’ self-regulation strategies and 
motivational beliefs were measured by the Motivated Strategies for Learning Questionnaire (MSLQ). The result of 
the study indicated that self-regulation strategies were linked with students’ academic success.  
    The literature search for the study has proved that there is not yet enough research which has utilized and 
benefited from structural equation modelling (SEM) to investigate the relationships among various cognitive self-
regulated learning strategies and achievement of high school students in biology across different cultural contexts 
(Sungur & Güngören, 2009; Zimmerman et al., 1992). It is possible to investigate the structural relation between 
cognitive self-regulated learning strategies and academic achievement with SEM (Closas et al., 2011). Therefore, in 
this study, SEM has been used to investigate the relationships among specific cognitive self-regulated learning 
strategies and the biology achievement of high school students.  
 
2.  Methods 
    The sample comprised 300 ninth grade students from four public schools located in an urban area in Turkey. 
The students completed the Motivated Strategies for Learning Questionnaire questionnaire (MSLQ) at the same time 
in each school. The MSLQ is a self-report instrument to measure motivational orientations and self-regulated 
learning strategies. These two scales are modular and can be used to fit what the researcher wants to search in 
his/her study.  All questionnaires were completed during class periods, which were approximately 45 minutes in 
length. Teachers made all necessary disclosures before the administration of the survey. All students knew that their 
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names would be kept confidential. The Turkish version of the MSLQ (Sungur, 2004) was used to collect the data. 
The MSLQ was designed to be rated on a seven-point Likert type response format, from 1 (‘not at all true of me’) to 
7 (‘very true of me’).  
     Six biology exam grades of the students were taken from school administrators for the statistical analyses of the 
study during one academic year. In each semester, the participating students appeared for three general biology 
exams comprising the biology curriculum content. The exam scores ranged from 1 to 5. In this study, these six 
biology exam grades were use as current biology achievement. 
    Confirmatory factor analysis (CFA) was performed to evaluate the model of structural relations among cognitive 
self-regulated learning strategies and academic achievement (Albright and Park, 2009). For this purpose, the root 
mean squared error of approximation (RMSEA), the goodness-of-fit index (GFI) and the comparative fit index (CFI) 
were used. Additionally, path analyses were completed to describe a multivariate model by means of LISREL 8.72. 
Furthermore, Pearson correlation analysis was carried out to identify the relationships among variables in the study. 
 
3. Results 
3.1. Descriptive statistics 
Table 1. Descriptive statistics with respect to students’ cognitive self-regulated learning strategies and biology examination grade 
Cognitive Self-
Regulated Learning 
Strategies 
Mean Range SD 
Rehearsal 
Elaboration   
Organisation 
Critical Thinking 
Biology Examination 
Grade 
4.61 
4.33 
4.43 
4.25 
3.31 
1-7 
1-7 
1-7 
1-7 
1-5 
3.58 
3.67 
3.24 
3.45 
1.06 
    
 The mean scores of the variables are similar to values in other studies completed in Turkey (Akyol, Sungur, 
Tekkaya, 2010; Sungur, 2007). 
 
3.2. The relationships among variables of the study 
    Pearson correlation analysis was completed to explore the relationships that might exist among students’ 
cognitive self-regulated strategies and their biology examination grades.  
Table 2. Correlation coefficients among variables of the study 
 
 1 2 3 4 5 
Rehearsal 
Elaboration   
Organisation 
Critical Thinking 
Biology Examination 
Grade 
- 
- 
- 
- 
- 
.48** 
- 
- 
- 
- 
.42** 
.51** 
- 
- 
- 
.14** 
.21** 
.18** 
- 
- 
.18** 
.18** 
.25** 
.13** 
- 
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(** Correlation is significant at the 0.05 level) 
 
 
3.3 Path analysis  
 
     In this study, a Structural Equation Modelling (SEM) was used to investigate the relationships among rehearsal, 
elaboration, organisation, critical thinking and students’ achievement in biology. The LISREL 8.72 program was 
used to test analysis of variances to determine multivariate relations through path analysis. Results of the study show 
that organisation strategies only had a direct effect on students’ achievement among cognitive self-regulated 
learning strategies. The model, established according to these results, showed very good fit to the data according to 
recommended values for these widely used fit indices (Vierra, 2011), RMSEA=0.0060, GFI=0.91 and CFI=0.95.  
    Since the fit indices appeared to be suitable in the assessment of the proposed model, structural equation 
modelling of the relationship among rehearsal, elaboration, organisation, critical thinking and achievement of high 
school biology students were analysed and graphically presented (Figure 1). 
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Figure 1. Structural equation modelling of the relationship among rehearsal, elaboration, organization, critical thinking and achievement of high 
school students in biology. 
 
4. Discussion and conclusion 
      In the present study, a structural model was utilised to explain the relationships among rehearsal, elaboration, 
organisation, critical thinking and achievement of high school students in biology. With respect to the structural 
model estimating the effects of rehearsal, elaboration and organisation strategies on critical thinking (and their 
contribution to biology achievement), the following results were found. 
     In addition to improving students’ achievements, the development of students’ critical thinking abilities is one of 
the greatest challenges facing contemporary educators. In the present study, all cognitive self-regulated strategies 
were found to be significant predictors of ninth grade students’ biology achievement. Additionally, according to the 
findings, rehearsal, elaboration and organisation strategies are related to critical thinking. Organization strategies, 
such as outlining and concept mapping, help to build connections among ideas (Al-Harthy & Was, 2010) showing 
that these higher level strategies provide a unity of meaning and enhance the understanding of the subject. Previous 
research studies supported the finding that organisation strategies were found to be positively correlated to critical 
thinking and achievement (Stefanou & Salinbur-Gelonon, 2001). Vanderstoep, Pintrich and Fagerlin (1996) found 
that use of rehearsal, elaboration and organisation strategies distinguish high and low achieving students in biology, 
because high achieving students can use appropriate surface/deep strategies to achieve their goals and can think 
critically. Critical thinking is important for transferring knowledge and applying problem-solving skills to novel 
situations (Pintrich & Garcia, 1991). Akyol, Sungur and Tekkaya stated that elaboration and organisation strategies 
Rehearsal Achievement 
Organisation 
Elaboration 
Critical 
Thinking 
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directly contributed to the prediction of students’ science achievement. Previous studies also stated that students 
who reported using strategies such as rehearsal, elaboration, organisation and critical thinking were more likely to 
perform better than students who reported lower frequency of use of these strategies (Puzziferro, 2008). They 
revealed that cognitive self-regulated learning strategies are significantly related to the quality of learning and they 
promote students’ achievement in biology. Also, in the present study, all cognitive self-regulated learning strategies 
significantly predicted students’ achievement, similar to the literature detailed above. However, some of the studies 
stated that the relationship between rehearsal or surface cognitive strategies and achievement was significant and 
negative (Diseth, 2011; Vrugt, 2008). The reason for this could be that rehearsal strategies simply help to encode 
new information into short-term memory by repetition, highlighting and memorisation (Pintrich, 1999). As a result, 
information can be forgotten very quickly. Although rehearsal is a surface learning strategy, if a student utilises 
planning, monitoring and regulating while learning, rehearsal strategies will be useful to increase his/her 
achievement.  
    In conclusion, students who use these strategies to regulate their cognition are more successful than students who 
do not (Closas, Sanz de Acedo & Ugarte, 2011). This is because all cognitive self-regulated learning strategies help 
students select and keep important information in their memories, and self-efficacy for learning and performance 
involves beliefs about how to perform academic activities well. Cognitive self-regulated learning strategies are 
useful for predicting and improving students’ learning goals, social reinforcement goals and achievement (Closas et 
al., 2011).  
    The present study has some limitations for researchers to consider in any attempt to generalise the results. First, 
the participants of the study were limited to 300 ninth grade students at four public high schools located in an urban 
area. Data from other school districts and different school types might provide different results. Second, all subjects 
of the study responded sincerely to the items on the self-report questionnaire; however, it may be difficult to always 
obtain reliable reflections. So, future research should use different materials to verify the findings of the present 
study. 
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